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Two new frog species of the genus Euphlyctis, which were shown to be
two distinct taxa by mitochondrial DNA analyses, are described from
State, India. On the ic tree,
the first new species appears as a sister group with respect to E. hexadac-
tylus. The second new species forms a group with E. cyanophlyctis. The
first species differs from E. hexadactylus in having a distinctly smaller
snout-vent length and dark broun bold markings on the dorsum, a smaller
head, shorter hindlimbs and wider eyelids, relative to snout-vent length. The
second species differs from the close relative E. cyanophlyctis in having
shorter fingers. Its advertisement calls are composed of trills that are much
longer in duration, are composed of more numerous pulses, and have a
lower dominant frequency than those of E. cyanophlyctis and E. hexadac-
tylus. Morphological comparisons between the four species are presented.
The present study reveals hitherto overlooked cryptic biodiversity in the
genus Euphlyctis.

INTRODUCTION

Euphlvcais 1s a small genus comprising only four currently recognized species £ ¢y ano-
phivens (Schneider, 1799) from Iran, Afghanistan, Pakistan, Nepal, India, Sn Lanka, Malaya
and Vietnam, E efuenhergn (Peters. 1863) from Saudt Arabia and Yemen, £ ghoshi(Chanda,
1991} from Mantpur. India. and £ hevadeucty s (Lesson, 1834) from Indie, Sr1 Lanka and
Bangladesh (Frost, 19835, Cuanpa, 1991, Dusows. 1992} Euphhcns cvanophfycis and
E hevaducn fus are known to occur in southwestern India (But, 2001: Daniris, 2005) These
species are aquatic or semi-aquatic frogs with wide toe webbimng that usually live half-
submerged 1n water. or on the water edge of ponds, wetlands. paddy fields and ditches,
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In 2003, we collected small frogs of the genus Euphlyciis from Mangalore, together
with E hexadactylus and E cyanophlycus. At first, we considered the small ones as juve-
niles of E hexadactylys. However, mtDNA data revealed that the small frogs were
distinctly different from E hexadactylus as well as from £ cyanophiyetis (KURABAYASHI
et al., 2005: ALam et al., 2008). We collected similar small Euphiycus frogs from Mudigere
1 the Western Ghats in 2007, and the mtDNA data, described m the present study,
clanfied that the frogs from Mudigere differed from those of Mangalore. ALam et al.
(2008) also demonstrated the presence of another cryptic Euphiyctis species from Bangladesh
by mtDNA analysis, but the two new Indian taxa here treated were clearly different
from that from Bangladesh. These latter two Indian frogs are described below as two new
species.

Recently, many new anuran species have been described from southwestern India,
mecluding the Western Ghats (e g., Dusois et al., 2001, Buu & BossuyT, 2003, 2005, 2006,
Kuravoro & Josty, 2003; Buu et af , 2007: Kurasmoto et al , 2007) This indicates that the
wealth of amphibian biodiversity in this area 1s beyond the expectation generally recogmzed,
The present study and other recently obtained evidence sheds light on the cryptic biodiversity
in the small and rather unnoticed genus Euphiyctis.

MATERIAL AND METHODS

Euphlvens frogs were collected from Adyar (12°52'N, 74°55°, altitude | m) and Bajpe
(12°58'N, 74°50’E, altitude ca 70 m}in Mangalore, Dakshun Kannad District of Karnataka,
and from Mudigere (13°07'N, 75°31'E. alutude ca. 1020 m), Chikumagalur District of
Karnataka, during the ramy season (May to July), from 2003 to 2008. To elucidate the genetic
divergence and phylogenetic relationshup of the Euphhcns laxa accurring n southwestern
Karnataka. partial mtDNA portions corresponding to 128 and 165 rRNA genes were
analyzed for 37 Euphlvetss samples unvolving those of £ hexadach s from Adyar and
E aanophivans from Bappe, Padil (Mangalore), Karnoor (Dakshin Kannad District) and
Madiker1 (Kodagu District),

In the present study. the mtDNA (T were newly amphfied and
for 14 speamens and the data of the remammg 23 taxa were obtained from our previous
studies (ALam et al . 2008). The DNA amplification and sequence stratcgies followed the
procedares as m the previous papers. The resultant sequences of each 128 and 16S rRNA
gene were initially aligned using ClustalX { 83 {TrHomPsoN et al., 1997}, the inttial 128 and
16S TRNA alignment data contamed 566 and 520 nucleoude sites, respectively From
these alignment data, the genetic divergence (uncollected p value) between taxa was
calculated To pertorm sophisticated phylogenetic analyses. gaps and ambiguous alignment
sites were excluded from the mital alignments usmg Gblocks 0 91b (CasTrEsANA, 2000}
To check whether 128 and 16S rRNA data could be submitted to combined analyses,
a permutation homology test (Farris et al . 1995) was conducted using PAUP* 4.[0b
(Sworrorn, 2001) (£ — 0 124) Then, the two gene data were concatenated The conca-
tenated alignment data contamed a otal of 976 nucleotide sites. 192 of which were parsimo-
niously mformative Phylogenctic analyses based on the concatenated data were conducted
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sing maximum lhkelthood (ML) and Bayesian inference (BI) methods. In these analyses,
. epervarya lunnocharis (accession no AY158705; Liv et al, 2005) and Limnonectes
manensis {AY974191, NIE et al., unp d) were used as ps. For ML and BI
. aalyses, appropriate substitution models were estimated using Akaike mformation
nteria unplemented i Modeltest 3.7 (Posapa & CRanDaLr, 1998), and a general
me-reversible substitution model with gamma population and proportion of invariable
tes sub-models (GTR+G+I} was chosen. ML analysis was performed usimg PAUP*
vonparametric bootstrap (BP) values under ML were calculated with 300 replicates. BI
nalysis was performed using MrBayes 3.1.2 {RoNquisT & HUELSPNBICK, 2003). The fol-
wing settings were also used for the BI analysis number of Markov chain Monte Carlo
enerations = 15 x 10° and samplmg frequency = 10 The burn-in size was determined by
necking convergences of log likelihood ( InL)values, and the first | X 10° generations were
scarded. The statistical support of the resultant BI tree was evaluated by Bayesian postertor
srobabilities (BPP)

Measurements were recorded for snout-vent fength (SVL), head length (HL). head width
HW), snout to nostril distance (S-N). nter-nostri] distance (N-N), nostril to eye distance
N-E), eye diameter (ED), inter-orbital distance (E-E). eyehid width (ELW), tympanum
1ameter (TD), hand length (HAL), no. | to no. 4 finger length (F1-F4), hindlimb length
HLL), femur length (FEL), ubia length (TIL). foot length (FOL), and no. 1 to no 3 toe
ength (T1-T$). For details of the method of measurcments sce KL RAMOTO & Josuy (2006)
nd Kuramorto et al. (2007) Juvenile specimens were excluded from measurements For
1wrphological comparison, we measured six preserved specimens of £ hexaductyhus from
vdyar, Mangalore and 19 specimens of £ ¢) antophiyc s from Mangalore, Karnoor, Bhatkal,
-alagini, Mudigere and Madikert, allin Karnataka State (see fig 1 Kuraviotoetal , 2007),
.eposited i the Rondano Biodiversity Research Laboratory. St. Aloysius College. Examined
pecimens are listed below except for those of the new species. Discriminant analyses were
rerformed by SPSS (15 0J) statistics software (SPSS Japan, [nc.} wsing the measurements
vithout any transformation.

Euphivens ¢yanophivens. Bajpe. RBRL 04070611, 05072202, 07072114 (1 adult J,
*adult 2). Bhatkal: RBRL 00062601-00062603. 00062605-00062607 (6 adult ). Karnoor
RBRL 01080508, 04071139, 04071140 (2 adull 3. 1 adult ?). Madiken: RBRL 03060702
I adult 9) Mudigere RBRL 05070921, 05070922 (1 adult J. 1 adult ?) Padil- RBRL
13052303 (1 adult ¢) Talagint RBRLO1081113, 01081114, 01081118 (3 adult 9)

Euphivens hexaduenfus Adyar RBRL 03060601, 05071901-05071903, 07072801,
17072802 (5 adult &, 1 adult ?).

The advertisement calls wer rded m Mudigere on 29 July 2007 at an wir temperature
o 23.2°C and on 27 July 2008 at 21 0°C usmg an MD recorder (Sony MZ-B10) The recorded
alls were analyzed by Avisolt-SASLab Light software (Avisoft Bioacoustics)

The type specimens were deposited i the Nataral History Collections of the Bombay
Natural History Soctety (BNHS), and the other specimens were stored m the Rondano
Siodiversity Research Laboratory, St. Aloysius College (RBRL).
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Fig 1, - Phylogenctic relauonstups of Euphiyctrs taxa from Karnataka, India, mferred from mitochon-
dnal 128 and 168 tRNA gene data Maximum likebhood tree (-Inf — 3336 93).s represented here
Baycsian analysis reconstructed the same tree topology The numbers o the nodes are BP n ML
and BPPin BI Three haplutype groups are shown by abbreviations, hpEA, hpEB and hpEC Field
numbers of samples and collcctmg sttes are shown Asterisks indicate that the samples were used m
analyses by KURABAYASHI et al. (2005) and Avam et al (2008)

RESULTS

MOLFCUT AR PHYLOGF\Y AND GL N TIC DIVERGENCE OF THE EUpir v 515 TAXA FROM KARNATAK A

Bused on the 12S and 16S rRNA gene sequences, the Indan Euphfyctrs specimens
consisted of five major haplotype groups {fig. 1). Two of the five groups corresponded to £
evanophhctrs and E hevadaciy iy, and the others were temporanly named as hpEA. hpEB
and hpEC In the ML tree (fig. 1}, the hpEB group formed a group with £ cyanophivc tis and
this clade was strongly supported by statistical values (BP — 100: BPP - 100} The hpEA and
hpEC groups lormed a group. and they became a sister taxon with respect to £ hevaducn fus,
but statistical support for this relationship was not high (BP — 68, BPP 85) The same
relationships as for the five major Euphlyciry taxd were also reconstructed i our Bayesian
analysis. Furthermore. the present result was partially congruent with the results of previous
studies, KURABAYASH et al, (2005) showed that small-sized Euphficirs specimens (hpEA)
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rom Mangalore (Adyar and Baype) differed genctically from E. hexaduct) lus, and ALaM et al
2008) found that one spectmen from Mudigere (hpEC) was closely related to the hpEA
roup, but there was a degree of genetic divergence between the groups.

According to ALaM et al (2008), the average sequence divergences between E. hevadac-
vIus and hpEA (Ehex-Inl and Ebex-In2 i ArLam et al., 2008) were 11.9 "o and 6.3 o for 128
nd 165 rRNA genes, respectively Because these values were larger than those previously
sported from intraspecific sequence comparisons in mantellids (VENCES et al., 2005) and
outh American buforuds and hyhds (Fouqurr et al., 2007), ALam et al (2008) concluded
1at the two haplotype groups should be separated taxonomically as different species. When

e recalculated the average sequence divergence between these taxa with the present addition-
| material, the values were 13 0 % and 9.1 % for 12S and 168 rRNA genes, respectively. The
pecimen from Mudigere collected i 2003 (hpEC, Ehex-In3 m Aram et al., 2008) was also
sparated clearly from £ hexadactylus (15 3°cand 9 1 % for 12S and 16S), but the sequence
livergence values (5 0 ° vand 2 3 %) did not support the distinct separation between the hpEC
nd hpEA groups. Only one specimen with the hpEC haplotype has been found so far, and
his specimen was apparently subadult Thus, more specimens are needed before discussing its
axonomic status,

The most remarkable finding 1n the present study was that the five specimens from
vludigere (hpEB) collected 1n 2007 formed a sister group to that of £ cyanophiveus (fig. 1).
Jolecular divergence between hpEB and E ¢yanophiyctis was 164 for 128 and 107 %, for
<68 rRNA genes. As in the case between hpEA and E. hexadactyius, these values were large
nough to regard the hpEB group as a distinct species from £ cranaphiyciis.

Our molecular analyses have revealed the occurrence of two undescribed species m
outhwestern part of Karnataka, As discussed in the later section, the two haplotype (hpEA
md hpEB) groups were morphologically distinct from E hexaductylus and E cyanophivetis,
espectively, and from each other These indicate that the two haplotype groups are reproduc-
tively distinct, and are described below as new species.

TaxoNomy

Euphlyctis aloysii sp. nov.
(fig. 2-3)

'pEA group m fig. 1 and 1n KURABAY AsHI et al. {2005).
Ehex-In2 group m ALAM et al. (2008)

Duagnosts Small Zuphiveis species. SYL from 31 8 10 45 2 mm m females. It dhffers from
E hevadactylus inits distinetly smatler body stze, hasing four large elliptical dark markmgs on
the dorsum, smaller head, shorter hindlmbs. and wider eyehds. relative to SVL. The presence
o Jarge dorsal markings and thin nud-dorsal stripe readily distinguishes this species from
L cyanophfyetis The cyes and tympanums are smaller, and femur and ubia are shorter,
relative to SVL, in E. aloysu than in E cyanophivetis

Source MINHN, Paris
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Fig 2 Holotype of Euphilvctis ai s sp. nov (BNUS 5123, @ from Bajpe) Dorsal view (A), ventral
view (B). posterior aspect of thigh (Ch, and foot (D) Lower part of abdomen was cut open for
sexing, and the opening 1 seen (0 B.

Holonnpe  BNHS 5123 (fig. 2). female, SVL 40 4 mm, collected m Baype. Mangalore, on
21 July 2007.

Paratvpes BNHS 5124, @, SVL 38.6 mm, Adyar, Mangalore, 6 June 2003 BNHS 3125, 9.
SVL 37 | mm. Bajpe. Mangalore. 21 July 2007 BNHS 5126, €. SVL 37 2 mm, Adyar,
Mangalore, 28 July 2007

Other specimens exammed — RBRL 03052501, 05071904, two adult 9. Adyar. RBRL
04070601 04070603, 06072003 06072004, 06072404, 07072101,  07072104-07072113,
07072115, 18 adult 2, Bajpe

Description of holotpe - weasarements o mn . Yomenine tecth round. situated near
antertor end of upper jaw: tongue tip bifurcated.

Source MNHN, Paris
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Fig 3 Euphiyciis aloysu sp. nov RBRL 06072004 (A} and RBRL 06072404 (B). showing coloration
wn hfe,

Head small, wider than long (HL 12.4, HW 13.1): snout shghtly pointed; nostril nearer
to tip of snout than to eye (S-N 2.9, N-E 3 1), loreal region concave, canthus rostralis blunt;
wternarial distance larger than inter-orbital, the latter smaller than eyelid width (N-N 2.4,
E-E 1.4, ELW 3.3); tympanum large, about 75 ' » of eye diameter (ED 4.2, TD 3 3)

Finger free, finger tip small, shghtly pointed: first finger longer than second (F1 7.0, F2
4 5): subarticular tubercle moderate, finger lengths F2 < F4 < FI<F3(F37.2, F44.7).

Distal part of thigh thick: tibio-tarsal articulation shghtly apart when legs folded at
right angle to body axis, foot length larger than femur length and shghtly larger than
tibia length (FOL 19.1, FEL 18.4, TIL 19 0); toe tip small, shghtly pointed; subarticular
tubercle moderate, toe lengths TI < T2< T3 <T5<T4(T17 1, T299, T3 11 8, T415.6.T5
13 4); web nearly reaching toe tip and sharply incised (fig. 2D); mner metatarsal tubercle
mdistinct.

Supra-tympanic fold thin, forming granular row at posterior part of tympanum, not
reaching arm base, numerous small round ndges on dorsum, no nidges on flank and thigh,
underside smooth, except a pair of raws consisting of a series of small dermal projections
from the anterior edge of forelimbs to groin

In preservative, dark brown above with a thin mid-dorsal stripe. small black spots from

beneath eye 1o forelimb base: large dark brown elliptical or round markings on dorsal side of
thigh and shank, wide white longitudnal stripe on sides from above forehimb to groin; three
dark brown longitudinal stripes and intervening two white stripes on poslerior side of thigh
{fig. 2C), thin pale stripe on outer edge of shank, dark streak from ankle to outer edge of foot;
ventral side white: uregular dark hoe pattern on underside of thigh (fig, 2B). wregular dark
markings on underside of shank.
Color ur fife Dorsum light brown with a thin greemish mid-dorsal stripe. and green patehes
over upper Jaw and from eyehd 10 shoulder, two pairs of rather conspieuous large elliptical
markings on dorsum (fig 3) Atmght. the dorsum was darker. and green color and dorsal
markings became mconspicuous.

Source  MNHN, Paris
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Variation - Measurements for 24 female specimens are given in tab. 1 Of 24 specimens,
22 had a thin mid-dorsal stripe (fig. 3B), one had a relatively thick mid-dorsai stripe (fig. 3A),
and only one (paratype BNHS 5124} lacked mid-dorsal stripe. Irregular line pattern on
underside of thigh and shank differed from specimen to specimen, and extended to lower part
of abdomen 1n some specimens. Paratype BNHS 5124 showed a distinct black dot line system
composed of black horny tubercles; a curved dot line between anterior edge of foreleg, a pair
of dot lines on both sides of the throat, a pair of dotted hines from the antenor part of the arm
base, circling the upper edge of arm base, extending toward groin, then toward back; a pair of
faint longitudinal black dotted lines on both sides of the venter A similar dotted line system
was reported in £ cyanophiycus from St Lanka (DUTTA & MANAMENDRA-ARACHCHI, 1996),
and one of the authors (MK} observed 1t 1n a preserved specumen of E heaadactyius from
Malabar (deposited 1 Mus¢um national d’Histowre naturelle, Pariss MNHN 1292.9, SVL.
69 2 mm) These systems apparently represent the lateral line system (see DuBois & OHLFR,
2001).

We did not observe juveniles of E. hexaductvius The juvemles were described as
“beautifully striped” (BouLENGER, 1890), “have bars or spots of dark green and black on the
back ™ (DANIEL, 2002), or “more strikingly colored with patches of green and black seattered
over the olive-black back™ (DANIELS, 2005). These descriptions fit the coloration of £ aloysii
fairly well. Although precise companisons wait for future studies, there may be a possibility
that £ aloysu has been confused with juveniles of E. hexadactylus n some cases The juveniles
of Hoplobatrachus ngermus have a beautiful green and black dorsal pattern, but they can be
readily distinguishable from E. aloysii by the presence of many longitudmal dermal nidges on
the back

Our specimens were all females, and male sexual characters are unknown

Ecology  Females had mature ova 1n the ovaries The ova are pigmented and ca. 1 mm m
diameter Since the gravid females were collected from late May to late July, spawming may
begin in early August. During July, in the middle of the ramny season 1n Karnatzka, we heard
advertisement calls of £ hevaductylus Fejervarya caperuta Kuramoto et al., 2007 and
Hylarana awrantiaca (Boulenger, 1904) in Adyar and those of Fejervarva caperata, F sahya-
dris (Dubois et al, 2001). Microhylu ornata (Dumeril & Bibron, 1841) and Pohpedates
e uidatis (Gray, 1830) m Bajpe, but we could not hear the calls of E alorsn Our specimens
(n — 24) were composed of females only The reason why males did not appear durmg our
collecting was not clear

Drseributton Presently known only from Adyar and Baype in Mangalore. The hpEC group
from Mudigere, which apparently relates to £ alorsii from external morphology and male-
cular analysis. may suggest the presence of a montane subspecies.

Envnology - This species and the College where the main part of this study was carried out,
were both named in honor of Aloysius Gonzaga (1568 1591) Aloysius was a Prince in ltaly
who entered a Jeswit order and died serving the plague-stricken people of Rome

DNA sequerice data for holetipe.  Accession numbers are AB273171 and AB272606 for
mutochondrial 128 and 168 rRNA genes, respectively (07-02 1n fig 1)

Source MNHN, Paris



Josuy, ALam, KURABAYASHI, SUMIDA & KURAMOTO 105

.2 4 Holotype of Euphivens puudigere sp nov (BNHS $127, & from Mudigere) Dorsal view (A),
ventral view (B), posterior aspect of thigh{C). and foet (D) Opening for removing ussue for DNA
analysis 1s seen n B.

Euphlyctis mudigere sp. nov.
(fig. 4-6)

PEB group in fig 1
Jugnosrs Small Euphiye s species with SVL from 28.1to 34 8 mm in males It dilfers from
henadductylus and E-wlovsie m having a simple stripe pattern on the posterior side of the
Migh and a blunily incised web. The fingers. relative to SV L. are shorter than in E. cvanophlye-
»» The advertisement calls are | 3 s mean duration, and consist of about 16 pulses with the
rominant frequency band at about 1 5 kHez The calls differ from those of £ cvanophiyctis
nd £ hevadactrhes call length longer, more numerous pulses in a cali and lower dommant
cequency band

Source  MNHN, Paris
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Fig 5 Euphivctss mudigere sp. nov Paratype (BNIIS 5130) (A) and RBRL 08072504 {B) showing
coloration m life

Holotype  BNHS 5127 (fig 4), male, SVL: 31 1 mm, collected in Mudigere, on 29 July 2007.

Pararypes. - BNHS 5128, 3, SVL 29.2 mm, Mudigere. 29 July 2007. BNHS 5129, &, SVL
28 1 mm, Mudigere, 29 July 2007. BNHS 5130 (fig. 5A), &, SVL 32.7 mm, Mudigere, 29 July
2007.

Orther specimens exammed — RBRL 07072905, 08072504 (fig 5B), 08072505, three J.
Mudigere.

Description of holotype (measurements m mm).  Vomerme leeth round, situated near
anterior end of upper jaw; tongue tip bifurcated.

Head small, wider than long (HL 10 3, HW L1 3); snout slightly pointed: nostrl nearer
to eye than to tip of snout (S-N 3 0, N-E 2 6); loreal region concave, canthus rostralis blunt,
mternaral distance larger than iter-orbutal, the latter smaller than eyehd width (N-N 21,
E-E 1.2, ELW 2.3); tympanum large, about 85 of eye diameter (ED 38, TD 3 3)

Fingers free, gradually tapenng to pointed tip; first finger larger than second (F14 6, F2
39). subarticalar tubercle small; finger lengths F4 < F2 < F1 < F3 (F3 5.6, F4, 3.5). No
thickening of the first finger. corresponding to nuptial pad, was noticed

Distal part of thigh thick, tibio-tarsal articulation shghtly apart when legs folded at right
angle to body axis, femur length larger than tibia length, the latter larger than foot length
(FEL 15 6, TIL 14.2, FOL 13.8), toe tip small, shghtly pointed: subarticular tubercle small;
toe lengths Tl < T2 < TS < T3 < T4 (T15.1.T274, T3 10.3, T4 [1 5, T5 10.1), web large,
nearly reaching toe tip and bluntly incised (fig 4D), inner metatarsal tubercle indistinct

Dorsal surface with small tubercles: supra-tympanic fold present. but not distinct,
underside smooth A pair of vocai sacs on both sides of lower jaw near jaw angle.

In preservative, dorsum dark brown with ndistinet small patches. irregular markings on
upper side of hindl.mb, a conspicuous white band on posterior side of thigh, accomparmed
with a thin black stripe on ventro-posterior side (fig 4C), no nud dorsal stripe, underside
immaculate. vocal sacs light gray

Source MNHN, Paris
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Fig 6 - Sound spectrogram of the advertisement call of £ miudigere sp. nov. (T latTop window, 323 Hz
bandwidth).

Color i life.  Dorsum was light brown with many small darker patches {fig 5A). In the night,
these patches tended to fade (fig. 5B).

Varigrion. - Measurements for seven male specimens are given 1n tab. 1. None of the
specimens had a mid-dorsal stripe. In external morphology, no distinct intra-specific variation
was noticed Because only male specimens were available, sexual variation 1s not known,

Advertisement calls The advertisement calls of E mudigere recorded on 29 July 2007 at
23,2°C (fig 6) were trills composed of 16 39 + 277 pulses {n = 18, range 11 -22), with total
length of 1.31 + 0.22s (0.84 71 s) Pulse repetition rate was [1 71 = 0.56 pulse/s
Frequencies were rather contnuous from 1 to over 8 kHz. The dommant and fundamental
frequency was at about 1 5 kHz and & second harmomnics band was noticed at about 3 kHz
The calls recorded on 27 July 2008 at 21.0°C were nearly the same 1 number of pulses (16.36
+ 1.92 pulses, range 12 20,5 = 22), but the call length was longer (1 48 + 0 21 s, range 1.05
- 192 s)and the pulse repetiion rate was lower (11 10 = 0.32 pulse/s) than the calls recorded
0 2007 The differences between the two recordings in call length and pulse repetition rate
were shght, but statistically significant (4 = 2 428 and 2= 0 020 for call length, 7 - 4.317 and
P = 00001 for pulse repetition rate). Because the call length became shorter and pulse
Tepetition rate became higher with increasing temperatures (¢ g KURAMOTO & JosHy. 2006).
these may be due to the shght dufference i air temperature at the t.me of recordings.

The advertsement calls of £ evanophhictis and £ hevadacnlus were analyzed by
Kuramoro & Josny (n pressy The calls of £ wmudigere differed from the calls of
E cvanophhcs which were pot the trills but typically composed of a series of two-pulse
notes, Compared with thecalls of £ mundigerc, the calls of £ hiexadac vl were shorter in call
duration (025 + 007 s), fewer m pulse number (50 = 1 [8) and higher in dommant
frequency (2 29— 2.43 kH2).

Source MNHN, Paris
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Ecology.  Males were calling while floating among rice plants (fig 5B). The calling males
were observed in the middle portion of paddy fields without exception On the banks of the
same paddy fields, Fejervarya granosa Kuramoto et al., 2007 and F caperata were actively
calling We could not collect females in paddy fields where males were calling

Distribution,  Presently known only from the type locality, Mudigere.

Etymology.  Specific name was derived from the name of type locahty, Mudigere. It is an
mvariable name in apposition to the genenc name.

DNA sequence data for holotype  Accession numbers are AB377110 and AB377109 for
mitochondrial 12S and 165 rRNA genes, respectively (07-211n fig. 1.

MORPHOLOGICAL COMPARISONS
BETWEEN Et PHLYCTIS TAXA FROM KARNATAKA

As shown m tab. 1, Fuphfvens alovsu and E mudigere are distinetly smalier than
E hevaductylus Ranges of SVL of £ aloysu females and £ nundigere males do not overlap
w.th those of £ heraductylus. The snout-vent length of £ wlovin females 1s sigmificantly
smaller than that of E cvanophh cs females (U~ 107, P = 0 035), whereas no sigmificant
duference was obtained between males of E mudigere and £ cvanophly ctis (U= 5. P =0 089)
Fairly distinet large dark blotches on the dorsum of female £ /ot sir were not observed in

Source MNHN, Paris
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Fig 7. Posterior side of thigh and foot of E cyanophl,cis IRBRL 05070921, 9 from Mudigere) (A. B)
and those of E. hexadactylus (RBRL 06071903, & from Adyar) (C, D)

E hexaduciylus and E cyanophiyctrs. Vomenine eeth of E hexadactyfus are distinet, forming
two highly clevated oblique lines between choanae In E cyanophiveus, subarticular tubercles
dare distinct in contrast to the indistinet tubercles of £ afoysuand E niudigere The nud-dorsal
stripe is absent in E. mudigere and E cyanophlyctis

As a whole, £ wlopsn and E nuuligere resemble E hevaductylus and E cyanophiycus,
respectively However, large dark brown markings like those on the dorsum of £ aloy sit were
never observed in E hevaducivius or any other Euphih ¢ s species. These markings were very
conspicuous mn spectmens which died acaidentally during transportation (RBRL 04070601,
04070602) Thestripe pattern on the posterior side of the thigh of £ hexaducryfus differs from
that of E alovst consisting of two thinner wiute stripes and a much thicker black stripe
between the two white stripes (fig 7C) The web of £ hexadac rfus 1s sharply meised as im £
aloy s (fig 7D) The thigh stripe pattern of £ mudigere s simular to that of £ cyanophlyenrs
(g 7A), and the web is not deeply incised i both species (fig. 7B). The dorsal surface is
densely covered with small granular tubercles it E oy anephives, whereas the granules are
rather scarce in E. mudigere

Euphlverrs alen sit was separated clearly from E hevadacrylus and E Qanoplifvan by
canonical discriminant analysis using measurements {fig 8A). The statistics for discriminant

Source MNHN, Paris
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Iabe 2 Statistics obtamed from the discr:mmant ana. yscs Ls.ng mcasummcnls of five Fuphiyetrs specics.
Abbrev.auons alo, £ alovsn, ova, e, . mud, E
mudigere

ber. Egenvanc ‘Wilks® lsmbda (P) result (%) Fugure|
Species compared
 varables| Funcuon | Functon 2 “
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1g 8 Scatter plot of individual score of canonical discrimmant function 1 (CA1) and 2 (CA2) for
E aloysu. £ cyanophyctrs.and E:hevadactvles (A) and that for £ mudigere, £ ¢y anophl etis, and
£ hexadactylus (B)

nalysis are shown n tab. 2. The standardized discriminant coefficients were large (in
bsolute value) r SVL, HLL and L for function i and n SVL, T4, F1 and F2 for function
* In discriminant analysts using ratios refative to SVL (HL/SVL. HW/SVL, etc), the
istribution pattern of mdividual scores was ncarly the same as m the analysis using
neasurements. Mann-Whitney U tests showed that mine and 13 body ratios differed
ignificantly (P < 001) between E alovsn and £ hexaductylus and between £ aloyst
nd E cyvanophhctis, respectively (tab 3-4) The head 1s smaller i1 E aloysn than m
4 hevadactylus, differences of both HL/SVL and HW/SVL of the two spectes being hughly
ignificant (P < 0.01) The eyelid width is farger and the hindlimb length is smaller, both
2latve to SVL, 1n E aloysut than m E. hexwdactvlus (P < 001}, Euphivens aloysu differs
wgmficantly from £ cyanophiycars (P < 001), having a smaller head length, smaller eye
tlameter, tympanum diameter, femur length and tib length, all relative to SVL. The ratio
IL/HW 1s significantly smaller. and FOL/FEL s signuficantly larger in £ afoysi than in
. cyanophlyctis.
Euphty s nudigere was abso clearly separated from £ cvanophhicos and E hexadacty Ins
Yy diseriminant analysis (fig. 8B, tab. 2) The standardized coefticients of discrimunant
anctions revealed that HW, T4, T2 and F3 contributed more to function | and T4, TIL
nd FOL contributed more to function 2 than the other measurements. Only two and
me body ratios were sigmficantly different (7 < 001) between £ mndigere and £ cra-
waplivcrn and between & nwdigere and £ hiexadach fus respectively (tab. 3-4). The ratos
I/SVL and I'YSVL were sigmficantly smaller i E nnuligere than m L cranophivens
P < 0.01). and N-N/SVL was sigmticantly Jarger m £ nnedigore than m E hexaducty s
P < 001) Fingers and toes were shorter m £ madigere than n £ canophivcin and
T hexaductylus
Discriminant analysss clearly separated £ mudigerc [rom E aley it tfig 9A. tab. 2) The
tandardized coefficients of the discriminant [unct.on were large (i absolute salue) m N-E.
L Fland SVL Muann-Whitney  tests revealed that the ratios HW/SVL, FEL/SVLand TIL/
EL were significantly larger (P < 0 01) and FOL/F EL was sigmificantly smaller (P < 001)n
= nuudigere than in £ alopsti (tab. 3-4).
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Finally, all four Euphiictis species from Karnataka were separated by discriminant
analysis (fig 9B: tab. 2). The standardized cocficients of discriminant functions were large (in
absolute value) in SVL, HLL, FEL and HW for function 1, m SVL, FI, T4 and F2 for
function 2, and 1 FOL, SVL. T5 and T4 for function 3. Although the plot range of
E mudigere shghtly overlapped with those of E afoysn and E cyanopidyctis in fig. 98,
E. mudigere was clearly separated along the third axis for diserimmnant function 3, scores for
function 3 being from 2.431 10 4.263 for E nuudigere, from 2931 to 1 016 for £ aloysit and
from -2.629 to 1 374 for E. cyanophlyctis.

Discussion

Many lines of evidence suggest the cxistence of a considerable amount of genetic
divergence between populations of the wide-ranging £ cyanophlycirs populations. KHan
(1997) described a subspecies of L evanophdy ctrs from the northwestern highlands of Pakis-
tan as £ cvanophivens mcrospmulaia DUTTA (1997) considered £ cvanophlycins seistunied,
described from Tran by NIKo1SKI(1900) as a variety, as a vahd subspecies. At am et al (2008)
clarified that each of the E cvanophh ctis populations from southwesternt India, Bangladesh
and St Lanka constitutes distinet clusters in the phylogenetic tree constructed on the basis of
mtDNA sequence data Remarkable acoustic differences between southwestern and north-
eastern populations of Indian £ cvanephiicns (Roy & Erreiannt, 1993, Kuravoto &

Source MNHN, Paris
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Froquency

5
Discriminant score CAL

Fig 9 Distribution of diseriminant scores of £ aloysu and £ mudigere (A) and scalter plot of
ndsvidual score of canomcal discrim.nant function | (CAL) and 2 (CA2) for £ almsn, £
mudsgere, E. cyanophlyctis and E. hexadactylus (B).

Josny. in press) may reflect genetic divergence between the two Indian populations. Tt seems
highly probable that future studies will reveal the existence of several cryptic species allied to
E. cyanophliyetis.

The type locality of E. cyanophlyctis (Rana cyanophiyetis) is probably Tranquebar
(Tarangambadi) in east-central Tanul Nadu, India (Baukg, 1998) Although Trwar (1991)
regarded Kerala, most of Tarmil Nadu and southwestern Karnataka as belonging to the
Malabar faunal province in the Ceylonese sub-region of the Oriental faunal regton, this does
not mean the genetic identity of £ cyanophiyens occurs there. Further molecular phylogenet-
1c studies are needed to clarify the relationship of E ¢vunophiyczis from Karnataka.

The distribution range of £ Jiexvadactyius 1s confined to India, Bangladesh and Sn
Lanka. The type locality of this species 1s south India (FrosT, 1985) Although E. heaaduc-
1) lus was reported to have a white or pale yellow venter (DUTTA & MANAMINDRA-ARACHCHI,
1996; CHANDA, 2002, DaNeL, 2002; DANELS, 2005), all six specimens from Mangalore have
a fincly mottled pattern on the venter and lower side of the thigh, which 1s never obscrved 1o
E aloysu, E mudigere and E cyanophlyciis The tather heavily mottled underside observed in
the £ hexaductylus specimens examined in this study indicates genetic diflerentiation within
this species. Thus, the taxonomie sitaation of £ fexaducty fus from Karnataka (s simdar to
that of E. cyanophlyctis mentioned above.

Euphhctis ehrenbergi had long been synonymized with £ Qunophlycits and was resur-
rected by Dusots (1981) This spectes 15 relatively large in size and has a uniformly greemish
dorsum (Liviton etal . 1992: Knan, 1997), resembling £ hevadacr) hes. BOULINGI R (1920)
gave measurenients for e.ght specimens of £ el nbergi {as Rana ¢vanophiye es from Saudi
Arabia and Yemen). and this species was clearly separated from £ cvanophivens tn = 9y and
E hovadacn b (n = 8) both from southern India and Sn Lanka by discriminant analysis
usmg hus measurements (fig 10A: tab 2) Comparisons for body rutios revealed that HL/SVL
and FUF2 of £ echrenbergii were greater (P < 0.01) than those of E. cyanophiyetis
and FI/SVYL. F4/SVL. TIL/SVL and TIL/FEL were larger (P < 0.01) and F1/F2 was smaller
(P <0.01) than those of E hexaductyius These comparisons give morphometnc bases for the
speeific distinctness of £, eftrenbergn

Source MNHN, Paris
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Fig 10 -Scatter plot of ndividual score of canonial d.sermimant function 1 (CA 1) and 2 (CA2) for £
yanophl, ciis, E. hevadactvius, both from south India and Sni Lanka, and £ ehrenbergit from
Saudr Arabia and Yemen (A) On the scatter plot for the abose three species (based on lower
number of variables), the score of £ ghosi caleuluted from the coeflicients for the three speces 15
plotted (B). Data from BOULENGLR (1920) and CHaNDa (1990).

Roy & ELEPFANDT (1993} revealed acoustic differences between E elirenbergu and
E yunophiyenrs Acoustic features of E hexaducty fus were analyzed by KURAMOTO & JosHy
(in press), which seemed rather similar to £ ehrenbergu than to £ c¢yanophlyetis The
E heaductylus population from Bangladesh was proved to belong to a new undescribed
taxon by molecular evidence (ALAM et al., 2008).

CHANDA (1990), 10 describing E - ghosht (as Runa ghoshi), suggested the close rela-
vonships of E ghoshi with £ ¢yanophiyctis (as Ranu cyanophly ctis), Lankanectes corrugatus
(Peters, 1863) (as Runa corrugata) and Chrysopau sternosignata (Murray, 1885) (as Runa
sternosignate) Each of these genera belongs i a different tribe mn the subfamuly Dicroglos-
sinae or different subfamily m the Ranidae (Dugoss, 2005), and the pbylogenctic relationship
of £ ghoshr must watt for future studies. CHANDA {1990} gave measurements for the holotype
of £ ghoshi When the discriminant scores for this £ ghoshi specimen were calculated using
the coefTients of canonical discriminant functions for £ efrenbergii. E- «yanophfvens and
E headacn fus (all data from BouLiNGER, 1920, as in fig 10A, except |4, TIL, FOL and TS
which were lacking for £ ghosh, and forelimb length wlich was measured apparently in
different ways by BouLINGI R, 1920 and by CHANDA, 1990). the plot was separated from the
ranges of the other three species (fig 0B, tab. 2). In view of the fact that the ratios
snout-length/SVL (15.0). ED/SVYL (13 3), and E-E/SVL (6 7) of £ ghoslt were larger and
HLL/SVL (126 7). T3/SVL (24 2) and TD/LED (0.5) were smaller than the maximum and
muimum values, respectnely, for £ chrenbergn, £ cvanophivcrs and E hovaducn fin,
E ghoshy seemed to be relaled rather remotely with the other three Eupfth cirs species. The
snout of £ ghosti thig. 1 in Caanpa, 1990) was round which 1s unlike the ruther pointed
snouts of congeners.

The genus Luphivcin has many taxonomic problems 10 be solved as mentioned above,
and future studies may reveal several new cryptic species, as i “Feervarya immocharts”,
which was once considered 1o have an extensive distribution range and recently was spht into
many species (DCBOIS & OHIER, 2000 Friet al . 2002, Kt ramoto etal L 2007, Maisuietal
2007).

Source  MINHN, Paris
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